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ABSTRACT 



In a land mobile radio system including at least one base site 
having a system for interconnecting a plurality of radio 
channel imits with a plurality of directional antennas and/or 
antenna beams, the base site further includes an interference 
avoidance system for controlling communications between 
each radio channel unit of the base site and mobile radio 
units communicating with the base site so as to avoid 
causing potential interference at the operating frequency of 
each radio chaimel unit at odier base sites. The interference 
avoidance system monitors potential interference at the 
operating frequency of each radio channel unit on each 
antenna beam. If potential interference exists on an antenna 
beam determined to be the antenna beam best suited for 
transmitting and receiving signals at the operating frequency 
of the radio channel unit, a determination is made if adjacent 
antenna beams have reduced chance of potential interference . 
and sufi&cient signal strength for communication and there- 
fore are better suited for transmitting signals at the operating 
frequency of the radio channel unit. To further enhance 
interference avoidance, a comparison is made of the signal 
strength of received signals at the operating frequency of the 
radio channel unit with one or more threshold values to 
assess the proximity of the mobile radio unit to the base site, 
and the transmission signal strength for signals transmitted 
from the radio channel unit to the mobile radio unit are 
controlled based on the proximity assessment. 

15 Claims, 5 Drawing Sheets 
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1 2 

CONTINUOUS INTERFERENCE According to the present invention, in a land mobile radio 

ASSESSMENT AND AVOIDANCE IN A LAND system inckding at least one base site having a system for 

MOBILE RADIO SYSTEM interconnecting a plurality of radio channel units in a single 

trunk group with a plurality of directional antennas and/or 

TECHNICAL FIELD 5 antenna beams, each radio channel unit having a receive 

section and a transmit section and the system dynamically 

The present invention is directed to a land mobile radio connecting the receive and transmit sections of each one of 

system, such as a mobile cellular telephone system, personal the radio channel units with any one of the plurality of 

communications network (PCN), or other high frequency antennas which, on average, during a sampling period, is 

system, and more particularly, to improve d monitorin£ and best suited for receiving and transmitting RF signals at the 

assessment of potential communications interference in a operating frequency of the radio channel unit, the base site 

land mobile radio base site of the land mobile radio system. fUrther includes interference avoidance means for control- 
ling communications between each radio channel unit of the 

BACKGROUND OF THE INVENTION base site and mobile radio units communicating with the 

, . base site so as to avoid causing potential interference at the 

In a typicd land mobile radio system, such as a mobUe u operating frequency of each radio channel nnit al other base 

cellular telephone system or personal commumcations net- ^^^^ » ^ j 

work (PCK), a plurality of cells are defined which make up ..-./."A 

» T- u 11- According further to the present mvention, the mterier- \ 

the system. Each cell is a geographically defined area r 

. . ... L Ji ju 1 J ui J- ence avoidance means rurther mcludes means tor mo nitor- 

wherem communications are handled by a land mobile radio . ^ . .i i- ? ; — 

base site (ceU site) for mobile uniU operating within the 20 ■S B.P°'^°tial mterference at the operatms freguencY of e ach 

boundaries of the cell. Although these ^lls are often rep- riaio^channd unit on each antenna beam^ 

resented as hexagons in cell design schemes, in reality, due . I" &rther accord with the present invenUon, potential 

to tenain and the presence of buildings and other structures, interference ismonitored for each raio channel umt when 

the actual boundary of a ceU may have an irregular shape. communicaUng with a mobile 

^ . „ , . , „ , . „ radio unit, and this potential interference is monitored on 

As IS weU known m the art, ceU layouts are typicaUy 25 ^^^^^ operating frequency of the radio channel , 

charactenzed by a frequency reuse pattern where a number ^ j i 

of different frequency sets are defined. Each ccU uses a t . ^. . ... . • j . 

1 r 4 J n 1 * • J • J * In still further accord with the present invention, a deter- 

particular frequency set, and the cell layout is designed to ... , , . i • • 

. , .1. . u * 11 ' *u mmation is made that a radio channel unit is not commu- 

provide the maximum separation between cells usmg the . . . . . • . ■ • ^ ^ 

r . on nicaUng with a mobile radio uni t b v momtonng the status of 

same frequency set so as to mmmuze mterlercnce. 30 ^ ^ . . - - — rr-r — — f i ^ 

^ ' a transmit s witch associate d with the radio channel unit, and 

It is generaUy required, depending on the location of the whiS the radio channel unit transmit switch indicates that 

cell site within a ceU, that the cell site antennas provide ^^^^ ^^^^^^^ ^ transmitting, and therefore not 

coverage for communications over 360 of azimuth m order communicating with a radio channel unit, a micro-conlroller 

to effectively cover the correspondmg geographic area. In ^^^^^^ ^ scanning receiver, phase lock loop and control 

most existing base sites, either omni-directional antennas or ^5 ^^^^^ determining if the signal strength of receive 

panel antennas are used to provide the 360" of azimuth. If ^^^^ ^^^^ ^^^^^ ^eams at the operating 

panel antennas are used, the 360 of azimuth is divided into frequency of the radio channel unit falls within a thr eshold 

a number of smaller sectors, such as three sectors, with each ^^^^ micro-controller determines that 

sector provided with a pair of antennas each havmg a -^ti^l interference exists. 

beamwidth of 120^ A problem associated with such base ^ ^^^j ^^^^^ ^^^^^^ ^^^^^ invention, the 

sites IS that even with frequency reuse patterns and strategic - * n • j j -^u u- V • 

... ^ L i_ - -J 5i • ^ r? micro-controller is provided with a memory which is 

posiuonmg of the base sites, unavoidable mterference often ^^^^^^ ^ ^^^^ monitoring potential interference, 

occurs which degrades the quality of commumcations ... , . . . j * i „ _f 

, =\ . . J , f . with each antenna bemg momtored for potential mterference 

between mobile radio units and the base site. ... f c *u I- i. ^ •* * 

45 at the operatmg frequency of the radio channel unit at a 

Recentty, base sites have been developed having a sec- periodic interval, such 10 to 20 times a second, 

torized antenna configuration wherein a lar^e number of According still fiirther to the present invention, if poten- 

directional antennas or antennas havmg a large number o f interference exists on an antenna beam determined to be 

direchonalj^ are employed. It would be desirable to ^^^^^ ^eam best suited for transmitting and receiving 

^^5fr5ra3h~ib^ site to more accurately monitor an d j^p ^^^^ operating frequency of the radio channel 

avoid potential mterference to thereby maintam a high a determination is made if adjacent antenna beams have 

qliintf^mmunications between mobile radio units and educed chance of potential interference and sufficient signal 

the vanous base sites in a land m obile radio system . strength for communication and therefore are better suited 

SUMMARY OF THE INVENTION transmitting RF signals at the operating frequency of the 

55 radio channel unit. 

An object of the invention is improved assessment of in stUl frirther accord with the present invention, the 

potential interference during communication between memory in the micro-controller weights the interference 

mobile radio units and land mobile radio base sites of a land information stored in the memory, with the most recent 

mobue radio system. interference information being weighted more heavily than 

Another object of the present invention is to control a land ^ the older interference information, 

mobile radio base site to estabUsh and conduct communi- n accordance with a second embodiment of the present 

cation with mobile radio units so as to avoid potential invention, if potential interference is detected on the beam 

interference. determined to be best suited to communicate with the mobile 

A further object of the present invention is to control radio unit at the operating frequency of the assigned radio 
communications at a local base site so as to minimize the 65 channel imit, the system is controlled to select another radio 

potential for interference with communications at adjacent channel unit having a different operating frequency where 

and remote base sites. there is a less likelihood of interference. 
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In accordance with a second aspect of the interference 
avoidance means of the invention, when a determination is 
made concerning the antenna beam or beams best suited for 
the transmission and reception of RF signals at the operating 
frequency of a radio channel unit, the present invention 
compares the signal strength of received RF signals at the 
operating fircquency of the radio channel unit with one or 
more threshold values, for example by use of a lookup table, 
and makes an assessment as to the proximity of the mobUe 
radio unit to the base site, and wherein the transmission 
signal strength for signals transmitted from the radio channel 
unit to the mobile radio unit arc controlled based on the 
proximity assessment. 

In further accord with the second aspect of the interfer- 
ence avoidance means of the invention, the transmit switch 
is provided with adjustable attenuation means which are 
controlled based on the proximity assessment to thereby 
inversely control the magnitude of the attenuation of an RF 
signal provided for transmission in relation to the proximity 
of a mobile radio unit to the base site such that the attenu- 
ation is greatest when the mobile radio unit is in close 
proximity to the base site. 

In still further accord with the second aspect of the 
interference avoidance means the invention, the transmit 
switch provides no attenuation when the mobile radio unit is 
remote from the base site as indicated by a relatively low 
signal strength of received RF signals from the mobile radio 
miit, and the transmit switch incrementally increases the 
attenuation, such as in two steps, e.g., 3 dB and 6 dB, as the 
signal strength of received RF signals increases, indicating 
that the mobile radio unit is in closer proximity to the base 
site. 

The present invention provides a significant improvement 
over the prior art by providing improved monitoring of a 
base site to determine if commimications between the base 
site and a mobile radio unit will cause potential interference 
at other base sites. Additionally, the base site is controlled to 
minimize potential interference during communications 
with mobile radio units based on the determination of 
potential interference performed when the radio channel unit 
is not communicating. Therefore, interference experienced 
at other base sites already communicating is minimized 
because of the interference avoidance performed by the base 
site having the interference assessment of the present inven- 
tion. Interference avoidance of the present invention is 
further enhanced by controlling the transmission of RF 
signals from a base site to be only as strong as necessary to 
provide rehable communication with the mobile radio unit 
based on its proximity with the base site. 

The foregoing and other objects, features and advantages 
of the present invention will become more apparent in Hght 
of the following detailed description of exemplary embodi- 
ments thereof, in view of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG, 1 is a schematic block diagram of a land mobile radio 
base site having the modular radio signal scarming and 
targeting system of the present invention; 

FIG. 2 is a schematic block diagram of a receive modular 
interconnect matrix of the system of FIG. 1; 

FIG. 3 is a schematic block diagram of a transmit modular 
interconnect matrix of the system of FIG. 1; and 

FIG, 4 is a schematic block diagram of interference 
assessment of FIG. 1; and 

FIG. S is an illustration of a display provided by the 
system of FIG. 4. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, a land mobile radio system base site 
10 includes a modular radio signal scanning and targeting 
system 100. The system 100 is used to dynamically inter- 
connect a plurality (N) of antenna 202 with a plurahty (M) 
of radio channel units (RCU) 203. The radio channel units 
203 are transceivers having a transmit section and a receive 
section. The receive section is typically a diversity receiver 
having two diversity inputs, e.g., diversity 1 and diversity 2, 
capable of receiving RF signals from two different sources 
and selecting the strongest of the two. The scanning and 
targeting system 100 dynamically connects the receive sec- 
tion of each one of the radio channel units 203 with any two 
of the antennas 202 which, on average during a samphng 
period, has the strongest received signal strength of RF 
signals at the operating frequency of the radio channel unit 
203. The antenna having the strongest received RF signal 
strength is connected to the RCU diversity 1 input and the 
antenna having the second strongest received RF signal 
strength is coimected to the RCU diversity 2 input. 
Additionally, the scanning and targeting system 100 
dynamically connects the transmit section of each one of the 
plurality of radio channel units with any one of the plurality 
of anteimas which, on average during a sampling period, is 
best suited for transmitting RF signals at the operating 
frequency of the one radio channel unit in a direction 
corresponding to the desired destination for the transmitted 
RF signals, A scanning and targeting system of the above - 
described type is described in commonly owned, copending 
patent application Ser No. 08/708,130 filed on JuL 26, 1996, 
the disclosure of which is incorporated herein by reference. 

An embodiment of the invention is described herein as 
being used with 12 different narrow-beamwidth anteimas 
202 for the transmission and receipt of RF signals. These 
narrow-beamwidth antennas provide the significant benefit 
of improved signal quality, primarily due to reduced inter- 
ference. However, it will be understood by those skilled in 
the art that a variety of different antenna configurations may 
be used with the invention. The antennas can be though of 
as separate signal ports for interconnection with transceiv- 
ers. As an alternative to 12 physically different narrow- 
beamwidth antennas, each antenna 202 may actually be a 
particular beam of a multi-beam phase array antenna system, 
wherein arrays of co-finear radiating elements form each 
phase array antenna, with the arrays driven by a phase array 
feed network, so as to generate a plurality of beams or lobes, 
each of which acts as a separate signal port for the reception 
or transmission of radio frequency energy in a particular 
azimuthal direction. Additionally, although 12 antenna 
beams are shown, different numbers of antennas or antenna 
beams may be used in different system configurations. In 
another embodiment of the invention, 16 antenna beams of 
a multi-beam phase array antenna are used. However, 
regardless of the number of antennas or antenna beams used, 
the present invention is equally well understood as described 
herein with respect to a base site having 12 different anten- 
nas or antenna beams. 

The antennas 202 are used for the transmission and 
receipt of RF signals, and a duplexer 206 of a type known 
in the art is provided for each anteima 202, for controlling 
each antenna to either transmit or receive RF signals at any 
one time. 

Referring also to FIG. 2, the system 100 includes a receive 
modular interconnect matrix 200, i.e., a modular intercon- 
nect matrix which is used to provide signals received on 
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antennas 202 to receive tcnninals (diversity inputs) mounted 
on the radio channel units 203. Tlic receive modular inter- 
connect matrix 200 comprises a plurality (N) of signal 
splitter modules 205, one signal splitter module 205 being 
associated with each of the antennas 202. Each antenna 202 
is connected to its associated signal splitter modules 205 via 
a duplexer 206, a band pass filter 208, and an adjustable 
preamplifier 210 which amplifies the received signals before 
being provided to the signal splitters 205. In FIG, 2, twelve 
(12) antennas 202 are shown interconnected to twelve (12) 
signal splitter modules 205. The signal splitter modules 205 
are power dividers which divide the amplified RF signals 
into a plurality (X) of equal parts, e.g., each of the equal 
parts has an identical signal characteristic (shape) as the 
amplified RF signal at a fraction (1/X) of the signal strength. 
For example, a 20-way power divider having a frequency 
range of 824 to 894 MHZ and an insertion loss of 16 dB may 
be selected for use as a signal splitter. Each signal splitter 
module 205 divides the received RF signal into 20 equal 
power parts. 

The receive modular interconnect matrix 200 also com- 
prises a plurality (M) of first switching modules (radio 
switches) 217. There is one radio switch 217 associated with 
each radio channel unit 203. Each of the radio switches 217 
is interconnected with a pair of receiver connectors (the 
diversity 1 and diversity 2 inputs) on the corresponding 
radio channel unit 203. Each radio switch 217 also com- 
prises a plurality of connectors each for interconnection with 
a corresponding one of the signal splitters 205. Each radio 
switch 217 includes a 2-pole-N-throw switch which operates 
under control of control signals provided by a micro- 
controller 267, which is described in greater detail herein 
after, for connecting each RCU diversity input with an 
antenna via the signal splitters 205. The two-pole-N-throw 
switch may be a two -pole-twelve-throw electronic switch 
manufactured by the Celwave Division of Radio Frequency 
Systems, Inc., which is powered by a 15VDC power supply 
and is controlled by a pulse width modulated data stream 
containing both timing (clock) data and control (switching) 
data. 

Using the above described arrangement, each one of the 
radio switches 217 is provided with a portion (1/X) of the RF 
signal output of each anteima 202 due to the matrix inter- 
connection of the radio switches 217 with the signal splitter 
modules 205, Therefore, depending on the position of the 
2-pole-N-throw switch within the switch module 217, each 
radio channel unit may be interconnected to any two anten- 
nas via its associated switching module 217 and the two 
signal splitters 205 associated with the two antennas. 

A plurality (Y) of control group switches 240 are also 
provided for interconnection with the signal splitter modules 
205. Each control group switch 240 includes a one-polc-N- 
throw switch which operated under control of control signals 
provided by the micro controller 267, The one-pole-N-throw 
switch may be a onc-polc-twelve-throw electronic switch 
manufactured by the Celwave Division of Radio Frequency 
Systems, Inc., which is powered by a 15VDC power supply 
and is controlled by a pulse width modulated data stream 
containing both timing (clock) data and control (switching) 
data. 

Each control group switch 240 is connected between each 
of the signal splitters 205 and a corresponding RF scanning 
receiver 260. Associated with each RF scanning receiver 
260 is a phase locked loop (PLL) device 263 and a micro- 
controller 267, e.g., a HCllFl (MCU) manufactured by 
Motorola. A more detailed description of the construction 
and operation of the receive modular interconnect matrix 
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200 can be found in commonly owned, copending patent 
application Scr. No. 08/708,130 filed on Jul. 26, 1996, the 
disclosure of which is incorporated herein by reference. 
Associated with a number of radio channel units, for 

5 example 3 radio channel units, is a control group in which 
one of the micro -controllers 267 controls a corresponding 
phase locked loop 263, RF scanning receiver, control group 
switch 240, and three radio switches 217. Each radio chan- 
nel unit 203 transmits and receives RF signals on an 

jQ assigned (operating) frequency, and the phase locked loop 
263 is configured to control the receiving frequency of the 
RF scanning receiver for sequentially receiving RF signals 
at three different frequencies, each of the three frequencies 
corresponding to the operating frequencies of the three radio 

j5 channel units in its corresponding group. Under control of 
the micro-controller 267, the control group switch 240 
selects one of the twelve antennas 202. The signals provided 
by the antenna 202 arc provided via the band pass filter 208 
to the adjustable amplifier 210 where the received signals 

20 are amplified. Next the received signal is provided to the 
corresponding signal splitter module 205 where the signal is 
divided into 20 equal power parts. One of the equal power 
parts is provided to each of the control group switches 240. 
A control signal is provided on a line 270 from the 

25 micro-controller 267 to the control group switch 240 for 
controlling the position of the one-pole- twelve- throw switch 
of the control group switch 240 for antenna selection. The 
part of the amplified RF signal from the selected antenna is 
provided via the control group switch 240 to a line 272 

30 which is cormectcd to the RF scanning receiver 260. The 
micro-controller also provides control signals on a line 275 
to the phase locked loop 263 to control the phase locked loop 
to in turn control the receiving frequency of RF scanning 
receiver 260 so as to sequentially receive RF signals at the 

35 three different frequencies corresponding to the three radio 
channel units within the corresponding group. Control sig- 
nals are provided by the phase locked loop to the RF 
scanning receiver 260 on a line 278. First, the RF scanning 
receiver 260 measures the power level of the RF signal on 

40 the line 272 at the first frequency under control of the phase 
locked loop. The RF scanning receiver provides a signal on 
a line 280 to the micro -controller 267 indicative of the power 
level of the signal on the line 272 at the first frequency. After 
measurements are taken on one antenna, the micro- 

45 controller provides a control signal on the line 270 to the 
control group switch 240 for selection of the next antenna 
202. The signal provided by the next antenna 202 is then 
measured at the first frequency and the measurements is 
recorded by the micro-controller 267. This procedure is 

50 repeated for all antennas 202. 

After measurements are taken on all of the antennas at the 
first frequency, the micro -controller 267 provides a control 
signal on the line 275 to the phase locked loop 263, which 
in turn controls the RF scanning receiver 260 to receive RF 

55 signals at the second frequency. The RF scanning receiver . 
then provides a second measurement of the power level of 
the received signal at the second excitation frequency on the 
line 280 to the micro-controller 267. The micro-controller 
then provides a control signal on the line 270 to the control 

60 group switch 240 for selection of the remaining antermas 
202 so that a measurement is taken on each antenna at the 
second frequency. This procedure is repeated for the third 
frequency corresponding to the third RCU in the group. 
Each antenna 202 is sampled at all three frequencies 

65 approximately 8 to 16 times per second, depending on the 
sampling speed as controlled by the micro-controller 267. 
The micro-controller 267 maintains a running average of the 
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received signal strength at the three radio channel unit amplifier, bandpass filter for transmission via the antenna, 

operating frequencies for all twelve antennas, and provides As described above, the particular antenna which is utilized 

a control signal on a line 285 to each of the radio switches to transmit the supervisory audio tone and other communi- 

217 in the corresponding group indicative of the two cations firom the radio channel unit to the mobile unit is 

selected antennas having the strongest signal strength at the 5 determined by the transmit switch under control of control 

operating frequency of the corresponding radio channel unit. signals provided on the line 310 from the micro-controller 

The two-pole-twelve -throw switch in the radio switch 217 267. selected anteima corresponds to the antenna indi- *^ 

connects the two diversity inputs to the two selected anten- catcd as having the strongest signal strength of receive I 

nas in response to the control signal on the line 285 from the s^ignals at the opcratii^ frequency of the radio chann el unit. ^ 

micro-controller 267. As is known in the art, the radio Each transmit switch 917 is responsive to an RF signal — 

channel unit diversity amplifier then selects between the two being provided by its corresponding radio channel unit for ^ 

input signals for providing an input to the receiver. providing a trans mit detect signal o n the Une 315 to the 

^ Referring again to FIG. 1, the system 100 also comprises micro-oontroner267. The transmit detect signal indicates / ^ 

a transmit modular interconnect matrix 900 used to inter- corresponding radio channel unit is communicating 

connect a plurality of radio channel units 203 with a plurality 15 (transmitting an RF signal) via the selected antenna . The 

of antennas 202 for ±e transmission of signals provided by micro-controller 267 is responsive to the absence of a 

the radio channel units 203 via the antennas 202. Referring transmit detect signal on the line 315 from each transmit 

also to FIG. 3, the transmit modular interconnect matrix 900 switch for performing interference assessment at the oper- 

is similar to the receive modular interconnect matrix 200 frequency of the corresponding radio channel unit. 

except that it includes a transmit switch 917 interconnected 20 Referring to FIGS. 2-4, in order to perform continuous 

to a transmiUermi nai of each radio channel unit 203 (instead interference assessment, the control group associated with / 

of a radios witch). Additionally, the signal sphtter modules the radio channel unit is utiUzed. In the absence of the 

205 (FIG. 2) are replaced with combiner modules 905 which transmit detect signal provided on the line 315 by the 

combine RF signals provided by the various radio channel transmit switch 917 corresponding to the radio channel unit 

units into a combined RF signal which is provided from each 25 the micro-controller 267 controls the control group 

j combiner module 905 via an amplifier 910 and filter 908 to switch 240, scanning receiver 260 and phase lock loop 263 

[ ^n antenna 202 for transmission. For purposes o f controlling to sanciple the RF input firom each antenna 202 at the 

the transmit modular interconnect matrix 900, it is assumed ~ operating frequency of the radio channel unit 203. This — j 

that the antenna 202 indicated as having the strongest sampling is continuously performed once each sampling 

received signal strength at the operating frequency of the 30 interval, for example 10 to 20 times a second for each 

radio channel unit 203 is the best antenna for transmission antenna or antenna beam. The signal strength of RF signals 

of signals provided by the radio channel unit 203, and at the operating frequency ot the radio channel unit is" /? 

if therefore, a control group switch and corresponding scan- determined by the RF scanning receiver 260, and a signal 

^ ning receiver, phase locked loop, and micro-controller are indicative of the magnitud e of this signal is provided by the _ 

not required in the transmit modular i nterconnect matrix 35 scanning receiver 260 on the line 280 to the micrg^^ . Cj2^ 
. 900. Instead, each transmit switdi of Oie transmit modular controller 267. The micro-controller 267 then performs atfcst'"^ ^ — 
interconnect matrix 900 is controlled to interconnect the comparing the received RF signal strengt h to a threshold 
transmit te rminal of the r adio channel unit with the antenna range, such as -75 dBm to -1U5 dbm. it the magnitude of 
having thestrongest signal strength at th e operating fre- the signal falls within the threshold range, it is determined 
|__^quenc y of the correspoQ jling r adio channel uni t. 40 that this signal represents a potential interferer. The results k 
Additionally, since the control group switches are not of this test are stored in the memory 300. ^ J 
required in the a transmit modular interconnect matrix 900, The information store d in the memory 300 for each 
the combiner modules 905 may be configured for connecfion ante nna "Seam tor each radio channel unit is w eighted based 
with dummy loads 915 mounted to the combiner connectors on the time it was recei ved. The more recent interference 
which are not used. Alternatively, each combiner module 45 information is weighted more heavily than the older intcr- 
905 may be provided with only enough connectors for fere nee information. For example, interference information 
interconnection with the transmit switches. may be updated during a sampling period, such as a 
f The continuous interference assessment of the present 15-minutc time interval. At the end of the sampling period, 
invention interacts with both the receive modula r intercon- the interference information previously stored in the 
nect matrix 200 and the transmit modular interconnect 50 memory is scaled down and then accumulated with the 
matrix 900 for monitoring, storage and display of informa- newly received data during the sampling period. Therefore,^ / 
tion indicative of potential signal interference in a land the information received during the most recent sampling 
mobile radio base system. Referring to FIG. 4, the micro- period is given the most emphasis, however, the system does 
controller 267 includes a memory 300 for storing data keep a history of interference information, 
indicative of potential communication interference. During 55 As discussed above, a number of radio channel units 203 
communications between a mobile unit and the base site, arc associated in a control group with each micro-controller 
after communications have been established, each radio 267.IntheexamplcofFIG. 4, there are 3 radio channel units 
channel unit continuously transmits a carrier frequency 203 associated with each micro-controller 267. Therefore, 
modulated by a supervisory audio tone which is received by the memory 300 stores interference information associated 
the mobile unit The communications may be established 60 with the 3 radio channel units. The information stored in the 
between the mobile unit and the base site in a number of memory 300 of the micro-controller is indicative of the 
ways, for example as described in commonly owned interference, i.e., the number of times that a particular beam 
copending application Serial No. (Ware, Fressola, Van Der is sampled and has a potential interferer (signal strength at 
Sluys & Adolphson Docket No. 916-080) filed on even date the operating frequency of the radio charmel unit within the 
herewith, the disclosure of which is incorporated by refer- 65 threshold range) which indicates an interferer. 
encc. This supervisory audio tone is provided by the radio The information stored in the memory 300 of the micro- 
channel unit via the transmit switch 917, combiner, controDer 267 may be downloaded on a periodic basis, for 
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example hourly, to a supervisory micro-controUer 350 to strength. Finally, the micro-controUer looks at the potential 
thereby provide the operator of the base site with informa- interference history to determine if there is also potential 
tion indicative of interference for all of the radio channel interference associated with the alternate beam. If the micro- 
units on each of the antenna beams. controller determines that an adjacent/alternate beam has a 
Tte supervisory micro-controUer 350 may be provided 5 sufficient signal strength, proper supervisory audio tone and 
with an operator interface 360 so that the operator of the f P^^^^^^^ interference it wiU select the 
. 1 1 - . _r • r ^- c ' adiacent/alternate beam as the beam tor transmittinc Kr 
base site can select mterference mformation for monitormg, • i i_ ■ • n j * • _i ^ if 

, J • *• -m- - • * II signals. Thereafter, the beam ongmally determmed to be the 

display and printmg. The supervisory micro -controller may , .,i u .-i- j j- u c 

1 u • * \ A ' * fTM-^^ %u / t>est beam will be utilized as the diversity beam for purposes 

also be mterconnected via a computer (PC) with a remote - . . ^t- • i u * i* / l n u j 

^ ■ * i/ra • 1 J- 1 \*rff <- • • u in of re ceivmg RF Signals, but the alternate beam Will be used 

operator interface 363, a visual display 365 for viewing by ~ . ^ . ~' „ . i . . • • • *u 

.r^ . *u u J • * im c • for the transmission of RF signals to thereby minimize the 

the operator of the base site, and a prmter 370 for pnntmg * i r • . ^ * j- * * u •/ tx. c 

,j 4 ' A- 4- p*u**-r - c 4' potential for mterference at a distant base site. Therefore, as 

a hard copy report indicative of the mterference information. i • . . r - 

™ r * 11 ae-ft • 1 J explamed above, the mterference assessment of the mven- 

The supervisory micro -controller 350 mcludes a memory ^ . • . . . . . • 

iM c _r • f * • J tion prevents interference at remote base sites by steenng the 

353 for stormg the mterference mformation retneved from . c ^ l 

. f . ^ 1^ transmission beam away rrom the remote base sites, 

each of the micro-controllers 267, -'^ r» • m • . r . • j -.l 

Fnmarily, the mterference assessment is concerned with 

An example of the data display which can be obtained avoiding the transmission of RF signals in the direction that 

from the supervisory micro-controller 350 for display or ^^^j ^^usc potential interference and the avoidance of 

pnnting is illustrated m FIG. 5. Refemng to FIG. 5, the potential interference 

display illustrates the number of potential interference ^ ^^^^^ embodiment of the invention, rather than 

occurrences for a particular channel on each of the antenna ^^^^^^ ^ ^^^^^^^ ^^^^ ^^^^^ 

beams durmg a weighted sampling penod While FIG. 5 ^^^^^^ ^ alternative frequency to communicate on that does 

illustrates a weighted samphngpenod. It wiU be understood ^^^^ interference. This involves the selection of an ^ 

by those skiUed m the art that vanous sampling periods may alternative radio channel unit for communications with the ' 

be selected for the display of mterference mformation and ^^^-^^ ^^^^ ^ y^^^ 3^, the determination 

the information may or may not be weighted as desired. ^ frequency, and therefore radio channel unit, for 

Returning to FIGS. 2, 3 and 4, the interference informa- communications Avith a mobile radio unit is typically deter- 

tion stored in the memory 300 of the micro-controller 267 is mined by a mobile telephone switching office (MTSO) 290 

utiUzed by the micro-controller for controlling the transmis- which communicates this decision to the base site, for 

sion of RF signals. As discussed above, when a call is set up example by communications directly with the micro- 

between a mobile radio unit and the base site 10, the controller 267, or alternatively, the supervisory micro- 

micro-controller 267 controls the control group equipment controller 350. Therefore, in order for this alternative 

to monitor the anterma beam s to determine the antenna embodiment to be implemented in known mobile telephone 

beams having the strongest received si gnal strength of RF systems, tiie interference information must be provided to 

sipils at the operating frequency of the radio channel unit. the MTSO so tiiat tiie MTSO can evaluate other potential 

Once the micro-controller 267 determines the best bea m frequencies for communications to thereby minimize intcr- 

(beam having the strongest received signal strength of RF ferencc in a land mobQe radio system. ( 

signals at the operating frequency of the radio channel unit) Referring again to FIGS. 2, 3 and 4, as described above, 

for the next call associated with a particular radio channel micro-controller 267 stores information indicative of the 

unit it monitors the memory containing tiie interference ^ received RF signal strength at the operation frequency of the 

information to determine if interference has been received ^^dio channel units 203 in a corresponding group to thereby 

on that beam for the frequency of the radio channel unit. control the transmit switch 917 and the radio switch 217 

As will be understood by those skilled in the art, if another such that the RCU is interconnected to the antenna(s) best 

radio channel unit is communicating with a distant base site suited for the transmission and reception of RF signals at the 

at the same frequency as the particular radio channel unit of 45 operating frequency of the RCU. As illustrated in FIG. 4, 

the current base site, if the current base site transmits RF each transit switch 917 includes an adjustable attenuation 

signals at that same frequency on a beam pointing in the means 950, such as an attenuation pad, which may be used 

direction of the distant base site, potential interference will to attenuate the signals provided by the corresponding radio 

occur at the distant base site. Therefore, if the micro- channel unit 203 for transmission. The adjustable attenua- 

controller determines that there is potential interference on 50 tion means 950 are controlled by control signals provided by 

a particular beam, it will try to use adjacent beams for the micro-controller 267 on the line 955. , ^ 

transmission of RF signals to avoid possible interference. In in the example of the present invention, the adjustable / 

this case, the micro -controller 267 looks at the two adjacent attenuation means 950 has three attenuation levels: no 

beams on either side of the beam determined to be the best attenuation, 3 dB and 6 dB. However, it will be understood 

55 by those skilled in the art that different magnitudes and 



[ There are several criteria that the micro-controller will amounts of attenuation may be used, depending on the 
f examine to determine if an alternate beam should be utilized particular implementation. The micro-controller rompares — 1 
in situations of potential interference for the transmission of the signal strength of received RF signals from a mobile j 



RF signals. Fii^tj^-aJithough not necessary, the micro- radio unit to various threshold magnitudes. The threshold 
controller maj^^ojT^ithe supervisory a udio tone on th e 60 magnitudes may be implemented as comparisons with 
alternate beamsl5~5nsure that it is considering the appro- thresholds stored in memory, or comparisons with a look-up 
priate jnobile radio unit and not another mobile radio unit table stored in a memory, or any other suitable way know in 
operating at the same frequency. However, the signal the art to evaluat e the magnitude of a signal with respect to 
strength of the received signal is typically of sufiBcient multiple threshold levels/magnitudes. These threshold mag- 
magnitude such that a check of SAT is not necessary. For a 65 nitudes may be correlated with the proximity of the mobile 
given radio channel unit, the micro -controller will then radio unit to the base site, e.g., the closer the mobile radio 
determine the adjacent beam having the strongest signal unit is to the base site, the greater the magnitude of the 
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received signal strength. The invention utilizes the principle 
that the closer the mobile radio unit is to the base site, the 
lower the magnitude that the base site must transmit RF 
signals to the mobile radio unit and still provide reliable 
communications. Therefore, if the signal strength of 
received RF signals is below a first threshold magnitude, the 
micro-controller controls the transmit switch to place no 
attenuation in the signal path of RF signals provided by a 
corresponding radio channel unit for transmission. If the 
signal strength of received RF signals is above the first 
threshold magnitude, the micro-controller controls the trans- 
mit switch to place a first attenuation, such as 3 dB, in the 
signal path of RF signals provided by a corresponding radio 
channel unit for transmission. Similarly, if the magnitude of 
received RF signals exceeds a second, higher threshold 
magnitude, then a second, larger attenuation, such as 6 dB, 
is placed in the transmission signal path by the transmission 
switch. 

The variable attenuation of transmitted RF signals greatly 
enhances overall communications within a land mobile radio 
system having a plurality of base sites. By reducing the 
transmission of RF signals from a base site, the potential for 
interference at remote base sites is reduces. Although the 
invention is described as using three attenuation lever, 0, 3 
and 6 dB, it will be understood by those skilled in the art that 
various levels of attenuation may be used, depending on the 
particular system. Altematively, a variable attenuation may 
be used if desired. 

Although the invention has been described herein with 
respect to exemplary embodiments thereof, it will be under- 
stood by those skilled in the art that the foregoing and 
various other changes, omissions and additions may be 
made therein and thereto without department from the spirit 
and scope of the present invention. 
What is claimed is: 

1. A land mobile radio base site, comprising: 

a plurality of radio channel nnits each having a transmit 
section for transmission of signals; 

a plurality of antenna means each for transmitting the 
signals provided by one or another of the radio channel 
units in a beam direction; 

control system means for connecting said transmit section 
of each one of said plurality of radio channel units with 
any one of said plurality of antenna means; and 

said control system means including interference avoid- 
ance means for controlling communications between 
said plurality of radio channel units of the base site and 
mobile radio units communicating with the base site so 
as to avoid causing potential interference at other base 
sites, wherein said control means further includes at 
least one memory means for storing information indica- 
tive of said potential interference, wherein said infor- 
mation stored in said memory means is weighted based 
on a relative time said information is stored in said 
memory means, and wherein said information stored 
more recently in time is weighted more heavily, and 
further wherein said information indicates, for a radio 
channel unit and a beam direction, how often a signal 
in the beam direction with a signal strength in a 
predetermined range is received while the radio chan- 
nel tmit is not transmitting on the frequency of the radio 
channel unit. 

2. A land mobUe radio base site according to claim 1, 
wherein said interference avoidance means includes moni- 
toring means for monitoring potential interference at the 
operating frequency of each radio channel unit on each 
antenna means. 
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3. A land mobile radio base site according to claim 2, 
wherein said monitoring means is responsive to a respective 
radio charmel unit not communicating with a mobile radio 
unit for monitoring potential interference at the operating 
frequency of said respective radio channel unit on each 
antenna means. 

4. A land mobile radio base site according to claim 2, 
wherein said monitoring means includes means for deter- 
mining if the signal strength of receive signals on each of 
said antenna means at the operating frequency of a respec- 
tive radio channel unit falls within a threshold range, and if 
it does, for detemiining that potential interference exists. 

5. A land mobile radio base site according to claim 4, 
wherein said control system is responsive to potential inter- 
ference being detected on a selected antenna means selected 
for transmitting signals at the operating frequency of said 
respective radio channel unit for determining if an alterna- 
tive antenna means is determined to have reduced chance of 
potential interference than said selected antenna means and 
for connecting said transmit section of said respective radio . 
channel unit to said alternative antenna means provided that 
it is suited for transmitting signals at the operating frequency 
of said respective radio charmel unit. 

6. A land mobile radio base site according to claim 2, 
wherein in responsive to potential interference being 
detected on a selected antenna means selected for transmit- 
ting signals at the operating frequency of said respective 
radio channel unit, another radio channel unit having a 
different operating frequency is selected for communica- 
tions. 

7. A land mobile radio base site according to claim 1, 
wherein said control system means includes a plurality of 
transmit switches, a respective transmit switch being con- 
nected to said transmit sections of a respective radio channel 
unit, said control system controlling each transmit switch for 
connectiDg said transmit section of said respective radio 
channel unit with any one of said plurality of antenna means. 

8. A land mobile radio base site according to claim 7, 
wherein each respective transmit switch is responsive to 
signals provided by said transmit section of said respective 
radio channel unit for providing a transmit detect signal, and 
wherein said monitoring means is responsive to the absence 
of said transmit detect signal for monitoring potential inter- 
ference at the operating frequency of said respective radio 
channel unit on each antenna means. 

9. A land mobile radio base site according to claim 1, 
wherein said control system means includes: 

means for measuring the signal strength of received 
signals at the operating frequency of each radio channel 
unit on each anterma means, and for providing signal 
strength signals indicative thereof; 

selection means responsive to said signal strength signals 
for providing a selection signal indicative of a respec- 
tive antenna means for connection with said transmit 
section of a respective radio channel unit; 

proximity means responsive to said signal strength signals 
for providing a proximity signal indicative of the 
proximity of a mobile radio unit to the base site; and 

transmit signal strength means responsive to said prox- 
imity signal for providing a transmit signal strength 
signal for controlhng the transmission signal strength 
of signals transmitted by said transmit section of said 
respective radio channel unit via said respective 
antenna means. 

10. A land mobile radio base site according to claim 9, 
wherein said control system means includes a plurality of 
transmit switches, each transmit switch being connected to 
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said transmit section of a corresponding radio channel unit, 
said transmit switches being responsive to said selection 
signals for connecting said transmit section of said corre- 
sponding radio channel units with any one of said plurality 
of antenna means. 

U. A land mobile radio base site according to claim 10, 
wherein each transmit switch includes adjustable attenuation 
means responsive to said transmit signal strength signal for 
attenuating signals provided by said transmit section of said 
corresponding radio channel unit. 

12, A land mobile radio base site according to claim 11, 
wherein said adjustable attenuation means is controlled to 
inversely control the magnitude of attenuation of signals 
provided for transmission in relation to the proximity of a 
mobile radio unit to the base site such that the attenuation is 
greatest when the mobile radio unit is in close proximity to 
the base site. 

13. A land mobile radio system according to claim 1, 
wherein each antenna means provides coverage in a selected 
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azimuthal direction, and the number and beam width of each 
antenna means are selected and arranged to provide 360* of 
coverage for the base site, and wherein said information 
indicative of said potential interference includes the amount 
^ of time said plurality of radio channel units utilize each said 
selected azimuthal direction. 

14. A land mobile radio system according to claim 13, 
wherein each anterma means is a beam of a multi-beam 

10 phase array antenna system, each beam acting as a separate 
signal port for the reception or transmission of radio fre- 
quency energy in said selected azimuthal direction. 

15, A land mobile radio system according to claim 13, 
j5 wherein each antenna means is an individual antenna for the 

reception or transmission of radio frequency energy in said 
selected azimuthal direction. 

1^ 1^ * * * 
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